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therefore might not represent a “normal” growth
standard.
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Parents of study subjects were (a) both of European
descent; (b) both of East Asian descent; or (c) both of
South Asian descent. (For convenience, we refer to
these groups as “European,” “Chinese” or “South
Asian.”) Race/ethnicity was determined by a perusal of
(a) the prenatal record, in which ethnicity is recorded,
and (b) a sociodemographic information form
completed by the obstetrical nurses, which includes a
field for race/ethnicity. If these two sources of
information were not in agreement, the infant was not
included in the study. Infants born to First Nations
(Aboriginal) parents were not enrolled, as they
constituted only 1% of the population born at BC
Women’s Hospital and would therefore not constitute a
sample large enough to support precise morphometric
estimates.
Infants were excluded if their mothers’ pregnancies
were complicated by any conditions that could alter
fetal growth, including pre-existing or gestational
insulin-dependent diabetes, pre-eclampsia, fetal
anomalies, multiple gestation or known or suspected
syndromes. Babies born to mothers who disclosed the
use of harmful substances (tobacco, alcohol or illicit
drugs) during pregnancy, as reported on the prenatal
record, were excluded.
Gestational age. Gestational age at birth for each
newborn was derived from the EDC, calculated on the
basis of both early ultrasound and the date of the last
menstrual period (LMP). Obstetrical wheels use Nagle’s
rule to align dates of LMP with the corresponding EDC.
In view of the fact that comparisons of palm-sized
wheels have revealed differences in calibration of
weekly intervals,
14 we used a large-scale obstetrical
wheel to estimate EDC from LMP. To determine EDC
based on ultrasound evaluations, original ultrasound
reports were reviewed for all participants and EDCs
were recalculated. In the event of a disparity between
the two methods, the initial estimate by LMP of
gestational age at birth was adjusted to that derived by
ultrasound if the discrepancy was ≥ 6 days at 7–12
weeks, ≥ 7 days at 13–14 weeks, ≥ 8 days at 15–20
weeks, and ≥ 14 days at 20–24 weeks gestation,
according to the method devised by Synnes and
colleagues.
15
Morphometry was completed on a total of 2695
eligible newborns. After recalculation of gestational age
at birth on the basis of original ultrasound reports and
LMP, 28.5% of the gestational ages were changed (n =
765). Adjustments ranged from 1 to 3 weeks. The
reasons for adjustments to the gestational age
included: errors in calculation of EDC based on LMP,
when the use of LMP was appropriate (8.2%, n = 221);
failure to adjust EDC according to ultrasound as per
Synnes and colleagues (6.3%, n = 166); incorrect
calculation of the EDC from the ultrasound report
(2.1%, n = 57); inappropriate correction of EDC
according to ultrasound as per Synnes and colleagues
(6.0%, n = 161); and an inability, based on the
information given, to reconcile the discrepancy
between EDC calculated in the infant’s chart and that
calculated by the authors, in which case the latter was
used (5.9%, n = 160).
Morphometry. Measurement of growth parameters
was completed within 48 hours of birth. Length was
measured using a stadiometer, a hard plastic platform
with a vertical headboard against which the crown of
the baby’s head was placed. With diapers loosened to
permit free movement of the legs, the legs were held
flat (knees down) and a movable footboard was pressed
gently against the balls of the feet, which were held
perpendicular to the legs. The measurement from the
crown to the soles of the feet was taken using the
centimetre scale on the stadiometer. The head
circumference was measured using a firm heavy-weight
plastic tape. Paper tapes were judged to be inadequate
in view of the observed variability in printed
measurement intervals, and metal tape measures were
not used in view of the risk of lacerations. The plastic
tape was checked throughout the study against an
identical but unused tape to ensure that stretching had
not taken place. All measurements were made by an
experienced pediatric nurse assisted by a medical
student. Inter-rater reliability between the nurse and
the student was within 0.1 cm for both head
circumference and length. Birth weight was
documented in the birth record immediately after
birth, when the baby had been dried but before
breastfeeding. Two digital scales in the delivery suite
were calibrated using a standard weight to ensure
accuracy and comparability.
Statistical analysis. Means and 95% confidence
intervals were graphed to compare differences between
newborns grouped first by ethnicity and then by sex.
We present data using means and standard deviations
to reflect biological variability as opposed to
percentiles, which are essentially a mathematical cut-
off. Plots of crude data suggested moderate
nonlinearity; therefore, smoothing of sample means
and standard deviations was undertaken, using a
locally weighted least-square regression (using S-
PLUS, Version 6.1: Mathsoft Inc.).
16 Smoothing could
not be done for South Asian newborns at 260–263
days of gestational age because of insufficient data
points. To achieve smooth projection for this interval,
point (mean) and interval estimates of weight, head
circumference, and length were derived by simple
incremental projection: y(t) =
y(t–1)+(y(t–1)–y(t–2))*P, where P is a scale parameter
given between 0.5 and 1, based on the data.
The influence of sociodemographic confounders on
differences between groups was assessed in a
multivariate linear regression. A variable was adjustedResearch Janssen et al
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for if its inclusion in the model changed the estimates
for the odds ratio by 10% or more.
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Results
Morphometry was completed on 2695 newborns: 1195
born to European parents; 975 born to Chinese
parents; and 525 born to South Asian parents (Table 1).
At gestational ages of 37 to 41 completed weeks,
Chinese and South Asian infants had significantly
lower mean birth weights than European infants but
did not differ from each other in this respect (Figure 1).
The mean differences in birth weight among babies of
differing ethnicities were similar to, or greater than, the
differences between sexes at a given gestational age. At
40 weeks, European babies weighed 225.5 g more on
average than Chinese babies (p < 0.001) and 254.6 g
more than South Asian babies, (p < 0.001). The mean
difference between boys and girls overall at 40 weeks
was 90.9 g (p < 0.001). The mean difference in birth
weight between Chinese and South Asian babies (19.1
g) was not statistically significant.
A different picture emerged from the comparisons
of birth length. Overall, European babies were
significantly longer than Chinese babies. South Asian
babies’ mean lengths were between those of European
and Chinese babies and not significantly different from
either (Figure 2). The mean difference in birth length
between European and Chinese babies at 40 weeks of
gestation was 0.89 cm (p < 0.001). Mean length did not
differ significantly between European and South Asian
babies (the mean length of European babies at 40
weeks was 0.20 cm greater) or between Chinese and
South Asian babies (the mean difference was 0.60 cm).
The mean difference in length between sexes at 40
weeks was 0.68 cm (p < 0.001).
More variation according to ethnicity emerged from
comparisons of head circumference. Head
circumferences for Chinese and South Asian babies
were similar at the same gestation, and both groups
tended to have smaller head circumferences than
European babies (Figure 3). At 40 weeks, European
babies had larger head circumferences, with a mean
difference of 0.50 cm compared with Chinese babies at
40 weeks (p < 0.001), but not compared with South
Asian babies, with a mean difference of 0.22 cm (p =
0.11). South Asian babies had slightly larger head
circumferences at 40 weeks compared with Chinese
babies, with a mean difference of 0.27 cm, but this
difference was not statistically significant (p = 0.06).
The mean difference in head circumference at 40 weeks
by sex was 0.89 cm (p < 0.001). Differences in head
circumference by sex were significantly different at all
gestational ages.
Distributions are presented separately for boys and
girls in Table 2. When differences in birth weight,
length and head circumference were examined within
boys and girls, the observed differences according to
ethnicity remained statistically significant. In
multivariate models predicting birth weight, length and
head circumference, sociodemographic variables and
parity were not statistically significant when ethnicity
was included in the model. Smoothed curves for
weight, length and head circumference by sex and
ethnicity are presented in Figure 2–Figure 7.
Discussion
We report, for the first time, sex- and ethnicity-specific
parameters for weight, length, and head circumference
for infants born at 37–41 completed weeks of gestation.
These standards assume optimal growth and can be
used to detect clinically relevant deviations from the
normal range and thus help to identify newborns at
risk for the adverse health outcomes associated with
abnormal intrauterine growth. These standards are to
be distinguished from population-based references,
which include all infants with morbidities and must be
interpreted more broadly. Our model for this study, the
first Canadian “gold standard” developed by Usher and
McLean in 1969, used precise measurement techniques
and was restricted to infants of mothers who had
experienced healthy pregnancies.
18 Our charts differ
from references currently in use
19 in that they are
derived from a healthy population, that is, infants of
mothers who had experienced healthy pregnancies andResearch Janssen et al
Open Medicine 2007 1 (2):e74-e88
who did not use alcohol, tobacco or illicit drugs. In
addition, we used precise measurement techniques,
including recalculation of EDC from ultrasonography.
Measurements at birth conducted without stadiometers
or standardized techniques, as documented routinely in
health records, have been shown to have a 5% relative
error in measurement of infant length.
20
Our data indicate that variation in growth by
ethnicity is as great as that measured on the basis of
sex. Infants who are not assessed using standards
derived from their specific ethnic group may be
misclassified as small or large for gestational age at
birth. A British study conducted at three hospitals with
a geographically defined catchment area excluded
babies of mothers with known maternal or fetal
morbidities and without confirmation of EDC by early
(24-week) ultrasound.
21 For the years 1986–91, mean
birth weights for newborns of non-smoking
English/European, Afro-Caribbean and
Indian/Pakistani mothers were presented for both
sexes combined. The authors did not report how the
racial groups were defined. Mean birth weights at 40
weeks for South Asian babies (3334 g) were lower than
our values for boys (3452 g) and girls (3376 g). This
difference may reflect secular increases in birth
weight.
22,23 A US study comparing birth weights of
babies born to parents of Chinese descent with those
born to parents of European descent in the period
1980–87 reported mean differences of 200 g at 40–41
weeks of gestation, a relative difference of 6% of the
total birth weight. This study, derived from birth
records, combined data for both boys and girls.
24
Another US study using data from the same period
reported differences in the range of 5%–6% between
Chinese and European newborns at term.
25
Reasons for differing intrauterine growth according
to race/ethnicity among apparently healthy
populations are relatively unexplored. In Canada, Wen
and colleagues reported more rapid fetal growth early
in the third trimester but slower growth near and after
term among Chinese versus European
infants.
12 Lower mean birth weights were attributed to
differences in fetal growth rate rather than to
gestational duration after adjustment for maternal
determinants of fetal growth. Our data support this
explanation. Careful examination of Figure 1 indicates
a flatter slope for increase in weight by gestational
week for babies of Chinese versus European descent.
The ponderal index ([weight (g) / length
3 (cm)] x 100)
is a measure of growth restriction that identifies
“wasting” or “thin” babies. The mean ponderal index
for European (2.84, standard deviation [SD] 0.33)
versus Chinese babies (2.82, SD 0.40) was not different
(p = 0.50) after adjustment for gestational age. In
contrast, the ponderal index for European versus South
Asian babies in our data (2.68, SD 0.46) was
significantly different after adjustment for gestational
age (p < 0.001). This suggests that growth of South
Asian babies in our setting may be restricted by factors
not accounted for in our sampling (e.g., nutritional
status of the mother). Fetal growth among South Asian
women in Canada has not been studied in detail but
may be influenced by dietary or other factors.
We compared our findings with a recently published
Canadian sex- but not ethnicity-specific reference for
birth weight for gestational age based on birth
certificate data. Mean birth weights in our distribution
at 40 weeks of gestation are 74 g larger on average for
European boys, 161 g larger for European girls and 100
g smaller for babies of Chinese and South Asian
descent, reflecting the differences in the direction
expected for each ethnic group.
19 Another British
Columbia reference for birth weights measured from
1981 through 1990 for babies of European, Chinese and
South Asian descent reports values that are comparable
or slightly smaller than ours. Again, this is likely due to
secular trends, and because they are reported for both
sexes combined they have limited utility.
26
Our study is limited by our inability to report
growth standards for babies of less than 37 weeks ofResearch Janssen et al
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